Food waste in the supply chain is a big issue because it causes an unnecessary environmental impact, costs to the sector and consumers, as well as costs for waste treatment. Besides, it is a missed opportunity to feed people suffering from hunger. Calculations show that approximately 30% of all world food produced for human consumption is lost or wasted at some stage of the food supply chain, with the retail sector being responsible for approximately 5% of losses in developed countries. Several studies on food waste and losses have been performed in the international and national perspectives. These studies mostly give an overall food chain perspective and do not provide detailed information about food waste in specific stages or locations. The retail sector is one of the actors of the supply chain where there is still a gap in data and information regarding the state of the problem of food waste, especially in the Central and Eastern European region. The number of currently conducted studies regarding amounts of retail food waste, its types, causes and methods of waste minimization is limited or hindered by poor data resolution, because most retailers do not publicize the information about the quantities of wastes and their treatment. Therefore, a better understanding of food wastage within retail stores is necessary in order to assess the actual scale of the problem and to determine efficient waste prevention measures.
Introduction
Food waste appears at various stages of the food supply chain via the processes of production, processing, distribution, retailing, consumption and disposal. This causes significant problems in three major areas: environmental, economic and social (Eriksson, Strid, & Hansson, 2014) . Environmentally, food waste represents a substantial loss of natural resources such as land, water and energy, and causes unnecessary greenhouse gas emissions, which in turn leads to diminished natural ecosystems (Lipinski et al., 2013; Walter & Marina, 2015) . At the European level alone, at least 170 million tonnes of CO2eq. (approximately 3% of total EU-27 emissions in 2008) are emitted annually along all steps of the life cycle of disposed food (BIO Intelligence Service, 2010) . Economically, food waste costs to the sector and consumers, as well as causes a high waste treatment cost. In addition, it represents wasted investments that can reduce producers' incomes and increase consumers' expenses (Lipinski et al., 2013) . US businesses and consumers lose about EUR 145 billion (USD 198 billion) per year because of discarded food (Venkat, 2011) . In the UK, thrown away food which is suitable for human consumption costs EUR 12.4 billion (£ 10.2 billion) per year (Ventour, 2008) . The costs related to the value of the food that has been wasted within wholesale and retail were estimated to be 10 billion of euros per year for the whole EU, the cost per tonne of edible food waste being EUR 2,768 (Stenmarck et al., 2016) .
From a social perspective, food waste is a lost opportunity to feed the growing world population and the 870 million people globally or 12% of the world population who are in need of food (Gustavsson, Cederberg, & Sonesson, 2011) . The global population is forecasted to grow from the current 7 billion to 9 billion by 2050, creating the need for an increased food production of 70%. In the EU, the rising price of food resources and the volatility in the market have put pressure on the access to high quality food for the lower social economic groups within Europe (FAO, 2009 ).
The calculations done by the Food and Agricultural Organization of the United Nations (FAO) show that about one-third of food produced for human consumption is wasted globally (2009 data) , which amounts to about 1.3 billion tonnes per year (Gustavsson et al., 2011) . Breaking it down into different food types, globally, roughly 30% of cereals, 40-50% of root crops, fruits and vegetables, 20% of oilseeds, meat and dairy, and 30% of fish are discarded annually (Gustavsson et al., 2011) .
Regionally, about 56% of total food loss and waste occurs in the developed world -North America, Oceania, Europe, and the industrialized Asian nations of China, Japan, and South Korea -whereas the developing world accounts for 44% of the loss (Lipinski et al., 2013) . The project FUSIONS estimated that in the EU alone nearly 90 million tonnes of food or 173 kg per capita are wasted every year. This is divided between the various stages in the food chain as follows: 11% from primary production, 19% from processing, 5% from wholesale and retail, 53% from households, and 14% from food services outside the home. Much of this is food still suitable for human consumption (Stenmarck et al., 2016) directly linked with environmental (e.g. energy, climate change, water, availability of resources. For these reasons, the food sector and food waste reduction are among the key areas highlighted in 2011 communication "The Roadmap to a Resource Efficient Europe", where the EC sets out a 50% food waste reduction target for 2020 (European Commision, 2011) . The similar target on avoidable food is stated in the resolution of the European Parliament. It asks to create specific food waste prevention targets for the Member States and halve food waste by 2025 (European Parliament Resolution (2011 /2175 ), 2012). In order to solve the problem and reach the targets, the initiatives to reduce waste in different regions and by different actors in the food supply chain need to be taken.
The research work on food waste and prevention varies with respect to different regions. Schneider (2013) indicates that a large amount of information in English about food waste and prevention initiatives is available in regions such as North America, Western Europe, to a lesser extent in Northern Europe and Australia, while studies from Southern and Eastern European countries are rare. As reported by Schneider (2013) , researchers of Eastern European countries focus mostly on topics such as the collection or proper disposal of waste (Schneider, 2013) . The most significant studies there have been undertaken on behalf of the UK body, the Waste and Resources Action (Walter & Marina, 2015) .
It is important to mention international level studies that cover knowledge of global food waste amounts, general causes and prevention in industrialized and non-industrialized countries (Lipinski et al., 2013) situation analyses on food waste across EU (BIO Intelligence Service, 2010; Stenmarck et al., 2016) directly linked with environmental (e.g. energy, climate change, water, availability of resources the state of the problem of food waste in the Baltic region (Walter & Marina, 2015) .
There are some recently published studies focusing on different food waste issues along the supply chain: food waste generation and prevention in food processing industry (Møller, Vold, Schakenda, & Hanssen, 2012) and households (Edjabou, Petersen, Scheutz, & Astrup, 2016; Hanssen, Syversen, & Stø, 2016; Katajajuuri, Silvennoinen, Hartikainen, Heikkilä, & Reinikainen, 2014; Koivupuro et al., 2012; Nahman, de Lange, Oelofse, & Godfrey, 2012; T. E. Quested, Marsh, Stunell, & Parry, 2013; T. Quested & Parry, 2011) . Others deal with the food waste topic along the whole supply chain (Beretta, Stoessel, Baier, & Hellweg, 2013; Katajajuuri et al., 2014; Parfitt, Barthel, & Macnaughton, 2010; Terry, Mena, Williams, Jenney, & Whitehead, 2011) , estimating the environmental impact of food waste (Venkat, 2011) or discussing packaging issues (Wikström, Williams, Verghese, & Clune, 2014) . Several studies have been done to cover food waste generation, causes and prevention with respect to retail (Eriksson, Strid, & Hansson, 2012; Lebersorger & Schneider, 2014; Stenmarck, Jörgen Hanssen, Silvennoinen, & Katajajuuri, 2011) . Evaluations show the retail sector being responsible for approximately 5% of losses in the supply chain in developed countries (Gustavsson et al., 2011; Stenmarck et al., 2016) , for example, with the estimates of 3.8% in the Swedish supply chain (Eriksson et al., 2014) . Although the percentage of waste in supermarkets is lower than in other stages of the food supply chain, the amounts are still high, with 39,000 wasted tonnes per annum in Sweden (Eriksson et al., 2014 ) and 4.6 million tonnes per annum in the whole European Union (Stenmarck et al., 2016) . Worldwide, retailers throw away 1.6 million tonnes of food per year (Fox & Fimeche, 2013) . Results of the FAO's study reveal that in developing countries food is to a significant extent wasted at the post harvest and processing levels, while in industrialized countries food is lost mostly at the consumer and retail level (Gustavsson et al., 2011) . It is not only amounts of waste that make the retail sector important, but also the link between producers and consumers. Thus, food waste in industrialized countries can be reduced by raising awareness among food industries, retailers and consumers (Eriksson et al., 2012) .
Despite the studies that have been done, most of them reveal the major data gaps in available information about the state of the problem of food waste generated at the national levels at each stage of the supply chain. Therefore, the retail sector is one of important actors in the food supply chain, where food waste studies at present are rather a new area, especially in some regions as Eastern European countries.
Moreover, the food waste findings at present are hindered by poor data resolution; most shopping centers do not publicize the information about the quantities of wastes and their treatments. Better understanding of the wastage within retail stores is necessary for efficient waste prevention measures.
This work aimed at food waste assessment in the Lithuanian retail sector as well as discussion and comparison of the root causes of retail food waste generation in Lithuania and its neighbouring countries, in order to find possible ways of preventing them.
Materials and methods

Definitinion of food loss and food waste
The interpretation of the terms "food loss" and "food waste" depends on each particular research group and the boundaries of group's work (Wikström et al., 2014) . Food losses and food waste can be defined as any product initially intended for human consumption, excluding products that are not for use as food that is thrown out or destroyed at every stage in the food chain from farm to consumer (Gustavsson et al., 2011) .
According to the FAO, food losses occur at the start of the food chain (primary production, post-harvest and processing stages) whereas food waste is observed at the end of the chain (distribution and end consumer stages). Thus, food losses occuring at the end of the food chain (retail and final consumption) are rather called "food waste", which relates to retailers' and consumers' behaviour (Parfitt et al., 2010) .
There are no so distinct boundaries for "food loss" and "food waste" definitions published by the World Resource Institute. In particular, "food loss" refers to food that spills, spoils, incurs an abnormal reduction in quality such as bruising or wilting, or otherwise gets lost before it reaches the consumer. Food loss is the unintended result of an agricultural process or technical limitation in storage, infrastructure, packaging, or marketing. "Food waste" refers to food that is of good quality and fit for human consumption but that does not get consumed because it is discarded-either before or after it spoils. Food waste is the result of negligence or a conscious decision to throw food away (Lipinski et al., 2013) .
As our work analyses the retail sector, we use the term "food waste".
Description of retail chains and stores studied
In order to obtain a detailed information about the food waste flows generated in the retail sector, data from 21 retail stores, which belong to the 3 biggest retail chains in Lithuania (Retail chain I, Retail chain II, Retail chain III), were collected and analysed. Initially, 6 retail chains were contacted, but only the mentioned 3 agreed to participate in the study. All the chosen case stores belong to small (stores with 200-500 m 2 sales area) or average size (stores 500-1,500 m 2 sales area) food shopping centers with an average sales area 959 m 2 (Table 1) ; the turnover of each store is up to EUR 116,000 per month. A different number of stores from each retail chain agreed to participate in the research: 13 stores in retail chain I, 4 stores in retail chain II, and 4 stores in retail chain III. Tables 1 and 2 provide information (an overview) about 3 retail chains and interviewed stores. Table 1 Data for the retail chains and stores studied here, including the store sales area Two of the retail chains are members of the Association of Lithuanian Trade Enterprises (ALTE), which unites almost 40 Lithuanian and foreign capital retail and wholesale trade companies, registered in the country. None of the studied chains was involved in the Retail Forum for Sustainability (EU organization, initiated by the European Comission), none of them was a member of the European Retail Round table. 
Data collection
Semi-structured questionnaire survey was chosen as the data collection method as it allowed for collection of comprehensive and comparable information on food waste and causes in a relatively short time. Data collection at case stores took place from January to May in 2013; thus, the collected data is for the year 2012. The content of the questionnaire was formulated on the basis of Nordic research experience (Stenmarck et al., 2011) . The survey was made up of 2 parts: one part was for the food waste quantity and management identification, and the other part was for highliting possible ways of prevention.
The first contacts with representatives for public relations of the retail chains were not successful as representatives politely refused to answer the questionnaire claiming that the information was highly confidential. When approaching directly store managers, they agreed to answer the questions, and the questionnaire was submitted by e-mail. The most comprehensive information was delivered by retail chains I and III.
Data analysis procedure
Five types of food (fish, meat, dairy, fruits and vegetables, bakery) were analysed in the study. First, absolute food waste amounts and waste composition generated in different retail chains and stores were evaluated. Then, the amounts were calculated to relative measure kg waste to m 2 sales area and compared among the retail chains. Seasonal variations of food waste types and waste amount generated in 3 retail chains were analysed by calculating a monthly seasonal index. Using retail stores sales area and market share data, the results (in kg waste per capita) measured in the analyzed chain stores were aggregated to the Lithuanian national level and compared with neighbouring North European countries. Further, the results from interviews about the causes for retail food waste generation were discussed; attitudes and prevention possibilities were highlighted. For the comparative study, available literature on food waste assessment and prevention practices of Nordic countries was analyzed.
Results and disscusions
Amounts and composition of food waste. A comparison with neighbouring countries in Northern Europe
The total food waste amount generated by 21 analyzed stores was 149 tonnes per year. The amount distributes among the analyzed chains as follows: 103 tonnes per year in Retail chain I (13 stores, total sales area -13,469 m 2 ); 20 tonnes per year in Retail chain II (4 stores, total sales area -1,964 m 2 ); 26 tonnes per year in Retail chain III (4 stores, total sales area -4,700 m 2 ). The amount of food waste generated in each of the studied stores varied from 3 to 12 tonnes per year in Retail chain I, and from 3 to 6 tonnes per year in Retail chains II and III. Figure 1 illustrates an absolute food waste amount per product group from 21 retail stores. Fresh fruits and vegetables comprised the largest subgroup of retail food waste -40 tonnes (27%). The other product subgroups presented in the waste flows were meat (32 tonnes, 22%), milk and dairy (30 tonnes, 20%), and fish (26 tonnes, 18%).
Fig. 1
Absolute food waste per product group per year from 21 retail stores in Lithuania Fig. 2 Type of food waste per m 2 of sales area in particular retail chains and total in all retail chains 2 When expressed in relative units calculated as an average for all 3 retail chains, 1 m 2 of sales area was contributing to the generation of the following amounts of the food waste: 1.98 kg of fruits and vegetables, 1.65 kg of bakery, 1.61 kg of meat, 1.5 kg of dairy, and 1.31 kg of fish waste (Figure 2) . If we analyse different retail chains separately, fruit and vegetable waste dominated in retail chains I and III, but several types of food were wasted to the similar extent in retail chain II: fish and meat, as well as fruits and vegetables.
According to previous studies (Stenmarck et al., 2011) silimar types of products in waste dominate in all the Nordic countries and other regions. The difference is that fresh bread and grain product waste are on the top in Nordic countries followed by fruits and vegetables. Other important product groups are dairy products and meat. In the bottom of the list, there is canned, dried and frozen food, all with very long shelf lives. For example, a study in Finland (Stenmarck et al., 2011) reported the following wasted food products: bread and grain product -35%; fruits and vegetables -34%; meat and fish -12%; and dairy products -12%. According to studies on request by the World Resource Institute, cereals comprise the largest share of global food loss and waste by the caloric content (53%), while fruits and vegetables are the largest source of loss and waste on a weight basis. Fresh fruit and vegetables comprise the largest subgroup of retail food waste, but it is also estimated to be the subgroup with the highest uncertainty in recorded data (Lipinski et al., 2013) . Our research results come together with the analysis of the World Research Institute results. Table 3 provides a short overview compiled from different available literature sources on the estimated amounts of food waste in the retail sector of Lithuania Table 3 were generated by different methods, with different objectives, and different definitions used, which of course had an impact on the estimated amounts. Some studies were aiming to find just the retail waste food amount, others reported the total retail and wholesale amount. Therefore, it is difficult to compare them and judgements should always be made very carefully, but they can still give some general overview, and a preliminary evaluation can be made. The average food waste amount in the retail and wholesale sector in EU-28 is 9 kg per capita per year, and it is 7 kg if looking at the retail sector alone (Stenmarck et al., 2016) directly linked with environmental (e.g. energy, climate change, water, availability of resources. The largest generation rate was recorded in Denmarck (up to 29.8 kg per capita). According to our study, the quantity of food waste generated in the Lithuanian retail sector can be evaluated up to 14,768 tonnes per year, or 5 kg per year per capita. It is by one-third less than EU average, and even two times or more less if compared with some estimates for Nordic countries. The result of our study matches with one of the estimations in Sweden (Stenmarck et al., 2011) and in Estonia by Moora and others (Stenmarck et al., 2016) The total food waste generation rate was estimated to be some 173 kg per capita per year in EU-28 in 2012, and 7 kg, or 4%, of this was retail waste (Stenmarck et al., 2016) . If we assume that total waste generation in the food supply chain in Lithuania equals to the EU average, 5 kg per capita estimated in the current study mean that the retail sector is responsible for some 3% of waste in the food supply chain in Lithuania. Similar percentages were found in a number of other studies: 3.8% in Sweden (Eriksson et al., 2014 ) and 3.3% in Norway (Møller et al., 2012) .
A comparison of food waste generation among retail chains
Food waste in kg/m 2 of sales area was estimated to be different in the studied retail chains. The lagest waste generation rate was 10 kg/m 2 , while it was 7.6 kg/m 2 and 5.5 kg/m 2 in the other retail chains. The waste generation rate veries because of different attitudes and agendas in particular retail chains.
Retail chains I and III cooperated with Food Bank and other charity organizations, and nearly 40% of potential food waste (usually last day expire date products) were donated to people who need support.
One of these retail chains has started cooperation with Food Bank already in 2009. In 2012, they sent about 1,500 tonnes of "soon turning unsaleable food" to Food Bank. It is important to mention that it is the only retail chain in Lithuania where social responsibility principles were on their agenda; they are open to social projects, and open to share information. They are willing to reduce food waste and be friendlier to the environment. Part of the expired date food, which is not suitable for Food Bank, goes to farmer or animal food companies, and only the remaining part of food waste goes to waste containers.
Retail chain I has a registration system for food waste amounts in order to follow products, which are not, or less preferred, by customers. The system helps for better planning and odering products.
Chains II and III reported that they had a clear focus on their waste generation, simply as part of being a good retailer. Chain III replied that they had significantly reduced food waste amount by stricter control over planning and ordering, and by a proper consumer demand prognosis. They also started cooperation with Food Bank and use optimized selling: put products with short shelf lives on display, reduce prices on products close to the expiry date, once a week they sell fruits and vegetables with a big discount. Chain II also reported that they used procedures as proper planing, ordering, consumer demand prognosis, reduced prices on products close to the expiry date, in order to avoid food wastes, but they also reported that they had a priority of selling high quality food, full shelves and a big variety of products. They use this attitude Fig. 3 Food waste generation rate kg/m2 of sales area from all the studied retail chains because of market analysis results showing that consumers demand high quality, full shelves and a variety of food. Such values could be the reason why Retail chain II generated a relatively larger amount of waste in comparison with other studied retail chains.
Analysis of seasonal variations
The generated total waste amounts were quite stable over the year. The standard deviations for monthly seasonal index were the following: 0.047 for Chain I, 0.066 for Chain II, and 0.078 for Chain III (Fig. 4) . Food waste recorded in July, August and September was about the average. October was the month with the bigest amount of total waste, especially in Retail chain III, being 20% higher than average. June had the lowest total amount in 2 retail chains.
More pronounced variations could be observed when analysing different food categories separately.
According to monthly seasonal index calculations, the generated waste quantities in Retail chain I varied within similar narrow ranges for all food categoriesusually not getting out of 10% above or 10% below the average, depending on the category or the month. Only in October, fruit and vegetable waste exceeded the average by 22%, and in December, fish waste was by 20% lower than the average. The lowest amounts of waste in all categories were recorded in January and Augustabout 10% less than, or equal to, the average, and the lagest amounts were recorded in November and December, except for fish waste.
The largest monthly variations in Retail II were found for bakery and fish waste categories. For example, bakery waste amount in February was by 40% higher than the average, while in June it was by 35% lower than the average. June and September were the months with the lowest waste amount (except for Fig. 4 The monthly seasonal index of waste per food category and total food waste generated in a particular retail chain A high monthly variation was observed almost for all food waste categories in Retail chain III. The largest deviation from the average was recorded for meat waste, being 55% more than the average in April, and 4% less than the average in September. For other food categories, waste amounts were fluctuating up and down during the year within the range of 4% above and 4% below the average. With some exeptions of food categories, the lowest food waste amounts were generated in January and June, and the highest in April and October.
A comparison of seasonal data reveals that more fruit and vegetable waste was generated in summer and especially in autumn seasons than in winter and spring seasons, and it could be due to the increased consumption during these months. On the contrary, in the meat category more waste was generated in winter and spring. No clear tendencies were observed for other food categories.
Causes of retail food waste generation and possibilities of prevention
The generation rate and composition of food waste depend on many factors, which must be taken into consideration when trying to explain waste generation. Retail chains reported the main reason for the food waste formation observed in retail stores to be expired shelf life (95%), followed by exterior packaging damage (3%) and quality problems (2%). Food suppliers and quality controllers also contribute to food losses as they demand a higher quality of brands and a wider choice of goods.
However, expired shelf life of products is more a symptom of problems and it is interesting to focus why it is happening. According to interviews, the main reasons are as follows: _ High quality requirements from consumers (according to consumer demands study, they expect full shelves, a variety of products and a very high quality fruits and vegetables). Much of the waste arises because consumers expect full shelves and reject food with a short shelf life period.
_ High quality requirements and strict rules introduced by authorities, among them Food and Veterinary Service.
_ Challenges related to proper handling, efficient planning and ordering of products.
According to a study of the Swedish Environmental Research Institute (Stenmarck 2011) , all known causes for food waste generation in retail are more or less linked to customer's behaviour or to the shop-owners top priority goal to sell, which is a similar case in Lithuanian. The only difference could be revealed: the Nordic retail sector did not emphasize strict regulations by authorities for high quality requirements, as the Lithuanian retail sector did.
According to the study, the reasons for food waste generation in the Lithuanian retail sector could be the wrong attitude to the problem and a lack of willingness to share information, as well as a lack of cooperation in analysing and solving the problem. The Lithuanian retail sector is not open to discuss the problem yet. From 6 initially contacted retail chains, only 3 agreed to participate in the study, and only 1 of those 3 provided complete information. According to the IVL report (Stenmarck et al., 2011) , a lack of willingnes to publish data to some extent also exists in Nordic countries. An exception is Norway, were detailed data are availabe through several projects, economically supported by the Ministry of Environment in Norway.
The study pointed out to the following issues of food waste prevention at the retail stage. It is important to find out what is true and what is not and take actions aiming to change the behavior and demands of consumers. Information campaigns and training for consumers and the sector itself about the amounts and the impact of food waste, actions at schools, festivals, restaurants with last day consumption products. More attention should be paid to the revision of the regulation containing unnecessary rules for supermarkets that increase the loss of products that are still good to use, change "best before dates", making easy to donate food.
The actual amounts of food waste need to be reported in the country on a regular basis. Engagement of different authorities, NGOs and chains for highlighting the issue, setting up the goals and working together under a common projects.
Conclusions
A comparison of amounts and composition of food waste generated in different countries and regions is not straightforward because different methods, objectives, and definitions are used, which has an impact on the results. A preliminary assumption from the study is that the Lithuanian retail sector generates less food waste (5 kg per capita per year) compared with the EU average (7 kg per capita per year), and with the majority of Nordic countries. At the same time, the retail food waste generation rate in Lithuania is seems to be the same as in Estonia, which could be explained by similarities in the economic and social situation in both countries.
Fruits, vegetables and bakery products dominate in food waste both in Lithuania and in Nordic countries.
The main causes for food waste generation reported by the retail sector from both regions were similarmore or less linked to customer's behaviour or to the shop-owners top priority goal to sell. The only difference was revealed: the Nordic retail sector did not emphasize strict authorities regulation for high quality requirements as did the Lithuanian retail sector.
Most retail companies reported that they were willing to reduce food waste, because big amounts of food waste show they work inefficiently and have poor planning. One of the interviewed retail chains has social responsibility principles on its agenda.
The retail in Lithuania shows a lack of willingness to share information about food waste, and they are not open to discuss the problem. Of 6 initially contacted retail chains, only 3agreed to participate in the study.
The main prevention strategy was food donation. More attention should be paid to actions changing the behavior of consumers, as well as to the revision of regulations.
Regarding the seasonal influence on waste generation, the most expressed tendency was an increase in fruit and vegetable waste in summer, and especially in autumn.
